F o r P e e r R e v i e w
Implications for Rehabilitation
Dysfunctional breathing (DB) is associated with significant patient morbidity but often goes unrecognised, leading to prolonged investigation and significant use of health care resources. There is mounting, but not conclusive evidence supporting the use of breathing retraining for the management of this condition. However, increased knowledge is required about the epidemiology, aetiology, pathophysiology and natural history of this disorder. A large scale RCT evaluating the efficacy of breathing retraining in primary DB is warranted.
Physiotherapists are using manual therapy (MT) as an adjunctive treatment for patients with DB. However, there is little consensus regarding the nature of the proposed connective and muscular tissue lesions that these techniques purport to address. In addition, there is no validated tool to identify and quantify these abnormalities and their potential response to therapy. Therefore, the additional use of MT provides no further benefit and cannot be recommended in the clinical management of this condition [20] . In particular, dominance of the accessory muscles of respiration, thoracic spine hypo-mobility, increased tonicity of the abdominal muscles restricting diaphragmatic movement, costovertebral dysfunction or increased myofascial tone are seen in these patients. Additionally, due to the Bohr effect [21] , the lowered levels of carbon dioxide inhibit the transfer of oxygen from haemoglobin to the tissue cells, which may lead to ischemia, fatigue and pain [10] and the evolution of myofascial trigger points [20] . Such trigger points purportedly change the activation of the entire kinetic chain [22] , altering both movement and breathing patterns, impeding normal respiratory function secondary to poor posture. These musculoskeletal adaptations are believed to influence respiratory function, perpetuating the abnormal respiratory pattern [10] . As such, proponents argue that patients with DB may find normalisation of their breathing pattern difficult with breathing retraining alone, and advocate MT ('muscle energy techniques' 'diaphragm doming' and 'rib raising') to reverse the musculoskeletal abnormalities [10] .
Although benefits of MT in DB are reported anecdotally, no robust evidence exists to validate these claims. This study sought to investigate the hypothesis that MT produces additional benefit when compared with breathing retraining alone in a group of patients with primary DB.
METHODS

Subjects
Between July 2007 and January 2009, 60 subjects aged 18-88 years were recruited to this parallel study from the respiratory outpatient clinic at a London postgraduate teaching hospital and three private physiotherapy practices. Each patient had a clinical diagnosis of DB following a positive Nijmegen score [4, 23] (score >23). Patients with metastatic disease, osteoporotic disease, respiratory infection or DB as a consequence of asthma or cardiac disease were excluded from the study. Following written consent, computerised randomisation was undertaken by an independent researcher, with subjects assigned to either respiratory management (standard treatment group; n=30) or respiratory management plus MT (intervention group; n=30). The study protocol was approved by Brompton, Harefield & NHLI Ethics Committee.
Interventions
Following randomisation, throughout the study, subjects were individually assessed and treated at each session, according to the study protocol, by one of two experienced physiotherapists.
Data collection took place at Royal Brompton & Harefield NHS Foundation Trust. Both groups received standardised respiratory physiotherapy management: 1) an explanation and education of the mechanisms and symptoms associated with DB, including developing self-awareness of breathing pattern; 2) identification of "trigger factors" to DB response, plus management / minimisation strategies 3) breathing retraining involving diaphragmatic breathing control at rest in sitting, lying or standing [1, 10] with gradual normalisation of respiratory frequency; 4) diaphragmatic breathing during and following exertion; 5) a diaphragmatic breathing regimen to practice at home for 4 x 10 minutes daily at an agreed respiratory frequency; 6) a breathing retraining programme compact disc [24] with pre-recorded tracks providing auditory cues for accurate practice of breathing control techniques. This programme was reaffirmed at each visit, and progression made based on individual subject response. In addition, subjects randomised to the intervention group received an individualised selection of MT techniques (based on the limited existing literature in this area), in response to musculoskeletal abnormalities identified following a standardised assessment. This involved observation of dynamic and static posture, assessment of active and passive ranges of movement (neck, thoracic, shoulder joints), muscle length tests (cervico-scapulo-thoracic musculature), joint accessory glides (costovertebral, cervical, thoracic, glenohumeral, acromioclavicular joints), myofascial palpation and rib expansion measurement. 
Outcome measures
The primary outcome measure was change from baseline in the Nijmegen score. The Nijmegen Questionnaire has been validated as a tool for the diagnosis of DB [4] . A score of >23 has been shown to correlate positively with DB [23] . Secondary outcome measures were change from baseline in 1) spirometry measured by forced expiratory volume in one second (FEV 1 ), forced vital capacity (FVC); 2) breath hold time [3] (a short breath hold time is usually associated with a low or unstable resting P a CO 2 ; 3) exercise capacity (6- show an absolute reduction in Nijmegen score of 9 and 17 in the standard and intervention group respectively at a significance level of 0.05. To allow for a 20% dropout during the course of the study 60 subjects were recruited (30 in each arm).
Statistical analysis
Continuous data are summarised as mean (SD) and categorical data as N (%). The effect of MT on all outcome measures was assessed using a mixed-effects linear regression model. The data from each subject visit were entered into the model, with subjects declared as a random effect due to the repeated nature of the data. The estimate of the treatment effects were adjusted for time and baseline values, and presented as mean difference between the groups along with 95% confidence intervals. Paired t-tests were used to assess the within group changes from baseline to the final visit for each subject. A secondary analysis comparing the change in each group from baseline to final visit was carried out using un-paired t-tests. Missing data from subjects who withdrew from the study was not imputed. All analyses were performed using Stata 10 (StataCorp, Texas) and a p value of less than 0.05 was used to determine statistical significance. All other p values are presented for completeness only.
RESULTS
60 subjects (30 per group) were recruited into the trial. The analysis comprised all 57 subjects who achieved at least 1 follow up visit, (3 subjects; 1 respiratory group, 2 MT group, failed to attend any further sessions following baseline assessment). Twenty-seven and 28 subjects in the respiratory and MT arm respectively, completed baseline and a minimum of 3 follow-up p<0.001). Data were analysed on an intention to treat basis, with no cross-over between study groups. All treatments were delivered in full without any documented adverse events. The respiratory group had higher Nijmegen scores at baseline, and was younger ( Table 1) 
Insert table 1 here
There was no significant difference between the intervention and standard treatment groups for the primary outcome (Nijmegen score), or any secondary outcomes (Table 2) . After adjusting for baseline values, the Nijmegen score of the MT group fell by an average of 2.8 points less than the respiratory group (95% CI (-1.1, 6.6) p=0.162) ( 
Inset table 2 here
Insert figure 1 here
Within group comparisons showed significant improvements in the primary and several secondary outcomes for both study groups (Table 3 ). In the MT group the Nijmegen score fell by 12.6 (9.0) points and by 17.6 (13.6) points in the respiratory group (p<0.001 for both), with normalisation of Nijmegen seen in over 65% of subjects (21/28, MT group and 19/29, respiratory group; p=0.56). Statistically significant improvements were also seen in both groups for HADs, breath hold length, bilateral shoulder flexion and cervical flexion.
Insert table 3 here
DISCUSSION
In this study, statistically significant improvements in DB, as documented by decreased
Nijmegen score and normalisation of the Nijmegen score in over 65% of subjects in both study groups. In addition, within group improvements were also found in several secondary outcomes including HADS, 6-minute walk, breath hold test and some musculoskeletal measurements.
However, contrary to our hypothesis, the application of MT techniques demonstrated no additional benefit to breathing retraining.
Although this study was not specifically designed to investigate the efficacy of breathing retraining per se, the improvement in Nijmegen score and the number of subjects with a [12] evaluating four different approaches to the management of primary DB reported significant improvements in symptoms following a 12-week course of breathing retraining and relaxation. This finding was supported by a controlled study [13] , which established a 10-week programme of breathing exercises using an incrementally adjusted ventilatory retraining device, was successful in the management of primary DB. Significant improvements in psychological factors, symptom complaints and respiratory dimensions were also noted. In an uncontrolled interventional trial [14] , Han et al concluded that breathing retraining with a physiotherapist over 2-3 months, resulted in significantly reduced Nijmegen score and anxiety levels in 92 subjects with primary DB; positive results were attributed to reduced respiratory frequency observed following treatment. DeGuire et al reported breathing retraining through paced diaphragmatic breathing had both short term [16] and lasting effects [17] on respiratory physiology and highly correlated with a reduction in reported functional cardiac symptoms in 41 patients with cardiac disease and associated DB. The results of our study concur with an earlier RCT [6] ; evaluating physiotherapy based breathing retraining versus nurse-led asthma education for asthmatic patients with DB. This group reported half their subjects showed a fall in Nijmegen score, which correlated with a clinically relevant improvement in quality of life following physiotherapy; this improvement was maintained in a quarter of subjects' 6-months later. These findings were supported by a 2007 RCT [15] , which concluded that breathing retraining and relaxation (The Papworth Method) significantly reduced respiratory symptoms and DB, while improving health related quality of life and adverse mood, compared with usual care in a group of 36 patients with asthma. In this study, based on literature of other chronic respiratory disease, a clinically significant improvement in HADS [32] was found in both study groups, and the 6-minute walk test [33] in the respiratory management group. Furthermore, statistically significant improvements were observed in secondary musculoskeletal indices in both study groups; this suggests that these changes may have We believe this is the first RCT to evaluate the use of MT in the management of primary DB.
Osteopathic and chiropractic MT dates back to the beginning of the 20 th century and focuses on mobilising the ribs and thoracic spine to increase thoracic expansion, with claims of improved lung function, quality of life, arterial oxygen content and lymphatic return [20, 21] . The use of such techniques for non-spinal or extremity pain has caused controversy and debate in the literature [19] . Although the proposed physiological mechanisms underpinning these techniques remain poorly understood, reports of improved outcomes following their application exist for asthma [34, 35] , pneumonia [36] and paediatric respiratory infections [37] . Bronfort et al (2001) [34] undertook a prospective clinical case series combined with an observer-blinded, pilot randomised clinical trial investigating the effect of chiropractic spinal manipulative therapy (SMT) in addition to optimal medical management in 36 paediatric subjects with mild and moderate asthma. They concluded that after 3 months of combining chiropractic SMT with optimal medical management, subjects rated their quality of life substantially higher and their asthma severity substantially lower, with improvements maintained at 1-year follow up.
However, the authors stated that the results could not be attributed to the specific effects of chiropractic SMT alone. Furthermore, no control group data were published for comparison.
A recent RCT [35] investigating the effects of osteopathic manipulative treatment (OMT) on paediatric patients with asthma reports a statistical but clinically insignificant improvement in peak expiratory flow rate (PEFR) following intervention. However, they report within group not between group comparative data. In addition, there was no evidence of statistical adjustment for baseline inequalities, with the control group demonstrating more severe airflow obstruction. In a well-designed RCT, Balon et al (1998) [38] investigated the effects of chiropractic SMT versus that chiropractic SMT provided no additional benefit to usual medical care in children with mild or moderate asthma. Indeed, this paper accounts for more than 50% of the subjects (1 of 3 papers) considered in a recent Cochrane systematic review [19] , which concluded "there is insufficient evidence to support the use of manual therapies for patients with asthma". This finding was confirmed by a recent UK evidence report which reviewed chiropractic and osteopathic MT [39] .
Limitations of the study
This study was conducted in a single center; however subjects with DB were recruited from both primary and secondary care. The recruited subjects were predominantly female (43:17), but this is consistent with the existing literature.
In this study sham MT was not employed and all clinical interventions were undertaken by two experienced, but un-blinded physiotherapists. However, computer aided randomisation occurred centrally and all baseline and subsequent assessments were undertaken by an independent single physiotherapist who had no knowledge of subjects study arm allocation.
Although data collection was incomplete for some subjects (3 subjects lost to follow-up), 27 and 28 subjects in the respiratory and MT arm respectively, completed baseline and a minimum of 3 follow-up sessions, within the range of our original power calculation (minimal n=25 in each study arm). Indeed, although not statistically significant, the improvements in Nijmegen score, our primary outcome, were greatest in the control (respiratory) group -making it unlikely that a true benefit for MT was missed. We recognise that our decision to apply multiple and individualised MT may make it difficult to tease out the therapeutic benefit of different individual and / or combinations of techniques.
However, a pragmatic choice was made to use a relevant but restricted number of MT, which mirrors contemporary clinical practice, where a range of MT is often applied together. Therefore, this study cannot advise regarding additional techniques not employed, nor can possible interactions between the techniques be excluded.
Implications
DB is associated with significant patient morbidity but often goes unrecognised, leading to prolonged investigation and significant use of health care resources. There is mounting, but not conclusive evidence supporting the use of breathing retraining for the management of this condition. However, increased knowledge is required about the epidemiology, aetiology, pathophysiology and natural history of this disorder. A large scale RCT evaluating the efficacy of breathing retraining in primary DB is warranted.
With reference to MT, there is little consensus regarding the nature of the proposed connective and muscular tissue lesions, that these techniques purport to address. In addition, there is no validated tool to identify and quantify these abnormalities and their potential response to therapy. Therefore, before any further application of such techniques in patients with DB is justifiable, further research centered on these issues is required.
Conclusion
Breathing retraining is currently the mainstay of treatment for patients with DB. Based on the results of this study, the additional use of MT provides no further benefit and cannot be recommended in the clinical management of this condition.
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